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The  resul t s  descr ibed  above  c lear ly  d e m o n s t r a t e  t h a t  
t he  a u g m e n t a t i o n  of con t rac t i l e  force in t h e  presence  of 
p H  7.8 depends  m a i n l y  u p o n  t h e  e n h a n c e d  t r a n s m e m b r a -  
ne  Ca inf lux  d u r i n g  exc i ta t ion .  I n  o rder  to  see w h e t h e r  
alkalosis  exer t s  i ts  pos i t ive  ino t rop ic  effect  on  pr inc ip le  v ia  
a n  increase  of Ca cur ren t ,  in  a second t y p e  of e x p e r i m e n t s  
p H  was e l eva ted  b y  means  of a s t ronger  HCO 3 concen-  
t r a t i o n  (23.8 m M )  w i t h  s i m u l t aneous  r educ t i on  of t he  CO~ 
c o n c e n t r a t i o n  to  1%. F igure  3 shows t h e  e v a l u a t i o n  of 
these  exper imen t s .  Again,  w i t h i n  15 m i n  a n  increase  of 
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Fig. 3. Changes of upstroke velocity o~ Ca action potential (filled 
circels) and isometric contraction (open circles) following perfusion 
with a 23.8 mM HCO~- and 1% CQ-containing medium (pK 7.8). 
Each point represents the mean value from 5 experiments (vertical 
bars: standard deviation). 

i sometr ic  c o n t r a c t i o n  force occur red  which  a m o u n t e d  to  
28.7% on a n  average.  A longer  t ime  of exposure  to  t h e  
a lka lo t ie  Tyrode  so lu t ion  h a d  no  a d d i t i o n a l  effect.  
However ,  a c lear ly  d i f fe ren t  response  of t h e  Ca ac t ion  
p o t e n t i a l  was  o b t a i n e d ;  10 ra in  a f t e r  swi tch ing  to  th i s  
m e d i u m  a s l igh t  decrease  of i t s  u p s t r o k e  ve loc i ty  b y  
14.5% appeared .  I t  was fol lowed b y  a rise a t t a i n i n g  t he  
con t ro l  va lues  of ups t roke  ve loc i ty  5 m in  later .  Obvious ly ,  
t he  increase  of con t rac t i l e  force is n o t  a c c o m p a n i e d  w i t h  
p r o p o r t i o n a l  changes  in  t r a n s m e m b r a n e  Ca cur ren t .  The  
s ame  p h e n o m e n o n  was found  u n d e r  t he  inf luence  of 
card iac  glycosides (THYRUMT; ~N~AWRATH et  al.S), wh ich  
proves  t h a t  an  e n l a r g e m e n t  of Ca in f lux  d u r i n g  exc i t a t i on  
has  no t  to  be  cons idered  as a n  essent ia l  p re requ i s i t e  for  
the  pos i t ive  ino t rop ic  ac t ion  in h e a r t  muscle.  R a t h e r  t h e  
u n d e r l y i n g  increase  in a c t i v a t o r  Ca can  be  caused  pre-  
d o m i n a n t l y  b y  changes  of i n t r ace l lu l a r  Ca m o v e m e n t s  as 
well. I n  t he  case of ex t race l lu la r  a lkalosis  (produced  b y  
increased  I-ICO 3 a n d  reduced  CO 2 concen t r a t i on )  t he  
a u g m e n t e d  con t rac t i l e  a c t i v i t y  seems to  resu l t s  f rom 
p r o m o t i n g  t he  Ca release f rom stores  p r o b a b l y  induced  
b y  c o n c o m i t a n t  changes  of t h e  in t r ace l lu l a r  H concen t r a -  
t ion.  I f  t h i s  leads to  a rise in  i n t r ace l lu l a r  free Ca, a 
p laus ib le  e x p l a n a t i o n  for  t he  u n e x p e c t e d  cessa t ion  of t he  
a u g m e n t a t i o n  of Ca c u r r r e n t  becomes  avai labIe .  
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Summary. 5-Thio-D-glucose comple t e ly  i n h i b i t e d  o-d iphenoloxidase  f rom a n i m a l  as well  as p l a n t  sources. I t  h a s  been  
r epo r t ed  t h a t  th ioglucose  suppresses  spe rma togenes i s  in  mice  a n d  also insec t  me t amorphos i s ,  p r o b a b l y  t h r o u g h  inh ib i -  
t i on  of glucose t r a n s p o r t .  I n h i b i t i o n  of o -d iphenoloxidase  (which is ac t ive  in s p e r m a t o z o a  a n d  insec t  larvae)  is sugges ted  
as an  a l t e r n a t i v e  m e c h a n i s m  of ac t ion  of th ioglucose.  

Th i s  c o m m u n i c a t i o n  deals  w i t h  a possible  m e c h a n i s m  
of ac t ion  of 5-thio-D-glucose, wh ich  h a s  b e e n  r epo r t ed  to  
be  a u n i q u e  male  c o n t r a c e p t i v e  1. I n  th ioglucose ,  wh ich  
was  syn thes i zed  in  1962, t h e  r ing  oxygen  of glucose is 
rep laced  b y  a su l fu r  a t o m  S. Feed ing  of ma le  mice  w i t h  
t h e  c o m p o u n d  resu l ted  in t e s t i cu la r  a t r o p h y  a n d  t o t a l  
i n h i b i t i o n  of spe rma togenes i s  1. T he  effect  was  ful ly  
revers ib le  on  w i t h d r a w i n g  t h e  drug.  W h e n  th ioglucose  
was  fed to  l a rvae  of Drosophila melanogaster, m e t a m o r -  
phos is  of t h e  l a rvae  was  suppressed  ~. A l t h o u g h  t he  d rug  
i nh ib i t s  c o m p e t i t i v e l y  t h e  ac t ive  t r a n s p o r t  of D-glucose 
across cell m e m b r a n e s %  t h e  exac t  m e c h a n i s m  of ac t ion  
of th ioglucose  on  spe rma togenes i s  or  insec t  m e t a m o r p h o -  
sis ha s  n o t  ye t  been  es tab l i shed .  

I t  h a s  beert  po in t ed  o u t  t h a t ,  s ince glucose is a m a j o r  
ene rgy  source  for b r a i n  me tabo l i sm,  a n  a n t a g o n i s t  of 
glucose could h a v e  ser ious side effects  s. However ,  no  
acu te  tox ic  effects  were obse rved  ill e x p e r i m e n t a l  an ima l s  
g iven  large  doses of t he  drug,  a n d  LDs0 of th ioglucose  was 
qu i t e  h i g h  (14 g /kg  b o d y  weight)~.  E v i d e n t l y ,  t he  com- 
p o u n d  m i g h t  h a v e  some o t h e r  m o d e  of ac t ion  as well, 
bes ides  i n h i b i t i n g  glucose t r a n s p o r t .  S p e r m a t o z o a  con-  
t a i n  a n  e n z y m e  w h i c h  ac t ive ly  oxidizes d o p a  to  pig-  
mentT-% a n d  su l fu r -con ta in ing  c o m p o u n d s  are  k n o w n  to  

be  i nh ib i t o r s  of o -d iphenolox idase  ( tyrosinase)  (o-diphenol  : 
oxygen  oxidoreductase)10.  Moreover ,  t ryos inase  is k n o w n  
to  h a v e  an  i m p o r t a n t  role in  insec t  d e v e l o p m e n t  n .  

Methods. To s t u d y  t he  effect  of 5-thio-D-glucose on  
o-diphetmloxidase ,  t h e  o x i d a t i o n  of d o p a  (3, 4 -d ihyd roxy-  
pheny la l an ine )  b y  cu l t u r ed  m e l a n o m a  ceils a n d  b y  lyo- 
phi l ized  m u s h r o o m  ty ros inase  was t e s t e d  w i t h  a n d  wi th -  
ou t  t h e  drug.  M u s h r o o m  ty ros inase  a n d  5- thio-glucose 
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Table I. Effect of thio-D-glucose on o-diphenoloxidase 

Reaction system Absorbance 475 am 

~elanoma cells Mushroom tyrosinase 

Oxygen uptake: mnoles 

Melanoma cells Mushroom tyrosinase 

Enzyme + Dopa 0.100 0.110 
Enzyme + Dopa + thioglucose 0 0 
Enzyme -t- Dopa + glucose 0.100 0.110 

255.95 289.33 
0 0 

Not done. 

were o b t a i n e d  f rom t h e  S igma  Chemica l  Company ,  St. 
Louis,  Missouri,  USA.  M e l a n o m a  cells were p u r c h a s e d  
f rom t h e  A m e r i c a n  Type  Cul tu re  Collect ion (CCL 53.1), 
a n d  g rown  in H a m ' s  F-10 m e d i u m  a t  37~ L-Dopa was 
o b t a i n e d  f rom t h e  ICN Life Sciences Group,  Cleveland,  
Ohio, USA.  The  r eac t i on  s y s t e m  a n d  t h e  e x p e r i m e n t a l  
cond i t ions  were as follows: Na2HPO4-KH2PO 4 buf fe r  
(pH 6.8), 0.1 M ;  L-dopa, 0.002 M ;  5-thio-D-glucose or 
B-glucose, 0.004 M; m e l a n o m a  cells, 1.8 m g  p r o t e i n ;  
m u s h r o o m  tyros inase ,  10 ~zg; t e m p e r a t u r e ,  37~ t ime,  
30 m i n ;  vo lume,  3 ml.  Af te r  i ncuba t i on ,  t h e  s p e c t r u m  of 
t he  qu inone  (dopachrome)  fo rmed  f rom d o p a  was  de te r -  
m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a t  w a v e l e n g t h  475  rim. 
The  read ings  were cor rec ted  for  a n y  a b s o r b a n c e  due  to  
enzyme,  s u b s t r a t e  or inh ib i to r .  O x y g e n  u p t a k e  was 
m e a s u r e d  po l a rog raph i ca l l y  us ing  a Gilson O x y g r a p h  
equ ipped  w i t h  a Clark  oxygen  electrode.  T he  resu l t s  were  
cor rec ted  for endogenous  resp i ra t ion .  T he  r eac t ion  s y s t e m  
was s imi la r  to  t he  above ,  e x c e p t  t h a t  t he  v o l u m e  was 
2 m l  a n d  t he  buf fe r  c o n c e n t r a t i o n  0.05 M.  

Results. The  resuI ts  g iven  in Tab le  I show t h a t  th io -  
glucose comple t e ly  i n h i b i t s  o -d iphenolox idase  f rom m a m -  
m a l i a n  a n d  p l a n t  sources;  D-glucose, b y  i tself  ha s  no  
effect.  C o n c e n t r a t i o n s  as low as 2.5 • 10 -4 M of t he  com- 
p o u n d  p roduced  t o t a l  i n h i b i t i o n  of o -d iphenolox idase ;  
a t  1.25 •  -~ M level,  t h e  i n h i b i t i o n  was  78% . To 
a sce r t a in  w h e t h e r  t he  i n h i b i t o r y  effect  would  be  ove rcome  
w i t h  t ime,  t he  r eac t i on  m i x t u r e s  were lef t  o v e r n i g h t  a t  
r oom t e m p e r a t u r e  (23-25~ The  samples  w i t h o u t  
i n h i b i t o r  u n d e r w e n t  f u r t h e r  o x i d a t i o n  a n d  p o l y m e r i z a t i o n  
to  m e l a n i n  p i g m e n t .  However ,  even  a f t e r  24 h no  ox ida -  
t i on  was e v i d e n t  in  t h e  samples  c o n t a i n i n g  t he  c o m p o u n d  
(Table  II) .  The  lowes t  c o n c e n t r a t i o n  of t h e  d rug  wh ich  
p r e v e n t e d  m e l a n i n  f o r m a t i o n  was 5 • 10 -4 M ;  be low th i s  
level,  t h e  effect  was  on ly  par t i a l .  

Discussion. The  resu l t s  show t h a t  th io-D-glucose is a 
p o t e n t  i n h i b i t o r  of o-diphenoloxidase .  I t  is k n o w n  t h a t  
s p e r m a t o z o a  c o n t a i n  a n  e n z y m e  wh ich  oxidizes dopa  to  

m e l a n i n  p igmentT-K A l t h o u g h  no d i rec t  ev idence  is 
ava i l ab le  to  s u p p o r t  t h e  hypo thes i s ,  i t  is l ike ly  t h a t  
t y ros inase  has  a s ign i f ican t  m e t a b o l i c  role in spe rm 
d e v e l o p m e n t  a n d  th ioglucose  suppresses  t h i s  e n z y m e  
a c t i v i t y  of t he  r e p r o d u c t i v e  cells. Tyros inase  is also ac t ive  
in insec t  me t amorphos i s .  The  e n z y m e  is respons ib le  for 
t he  sc le ro t iza t ion  of insec t  cuticle11; pheno lox idase  is 
f u n c t i o n a l  a t  all s tages  of insec t  d e v e l o p m e n t ,  a n d  a 
s t rong  s t i m u l a t i o n  of t he  e n z y m e  occurs  j u s t  before  l a rva l -  
p u p a l  ecdysis  12. The  fai lure  of Drosophila l a rvae  to  unde rgo  
m e t a m o r p h o s i s  w h e n  fed th ioglucose  m i g h t  be  due  to  
i n h i b i t i o n  of t y ros inase  b y  t he  drug.  I n  our  s tudies ,  
insec t  t y ros inase  was found  to  be  a p a r t i c u l a t e  e n z y m e  
l ike ty ros inase  occur r ing  in melanocytes13;  t h e  o-di- 
pheno lox idase  of s p e r m a t o z o a  m i g h t  also be  s imilar .  
P r e s u m a b l y ,  t he  suppress ion  of pheno lox idase  a c t i v i t y  is 
a more  p o t e n t  effect  of thio-D-glucose t h a n  i n h i b i t i o n  of 
glucose t r a n s p o r t ;  t h e  c o m p o u n d  p roduces  in fe r t i l i t y  in  
mice  a t  c o n c e n t r a t i o n s  fa r  be low those  needed  for caus ing  
h y p e r g l y c e m i a  1. A s t r u c t u r a l  ana log  of dopa ,  m imos ine  
was r epo r t ed  to cause  revers ib le  in fe r t i l i t y  in  female  r a t s  14 
W e  h a v e  s h o w n  t h a t  m imos ine  p roduces  t o t a l  i n h i b i t i o n  
of m a m m a l i a n  a n d  p l a n t  ty ros inases  15. These  s tud ies  also 
ind ica te  t h a t  o -d iphenoloxidase  m a y  h a v e  a key  role in  t he  
n o r m a l  f u n c t i o n i n g  of r e p r o d u c t i v e  cells. 

F u r t h e r  s tud ies  dea l ing  w i t h  i n h i b i t i o n  kinet ics ,  a n d  
w i t h  t he  d i rec t  effect  of th ioglucose  on  ty ros inase  of 
r e p r o d u c t i v e  cells a n d  of insec t  l a rvae  will  be  r e p o r t e d  
later .  E x p e r i m e n t s  are also in progress  to  assess t h e  
inf luence  of t h e  d rug  on  b o t h  oogenesis  a n d  s p e r m a t o -  
genesis in  mice. P r e l i m i n a r y r e s u l t s  w i t h  o -d iphenolox idase  
of Tenebrio molitor l a rvae  show t h a t  th iogIueose  i nh ib i t s  
in sec t  t y ros inase  as well ;  h ighe r  c o n c e n t r a t i o n s  of d o p a  
reverse  t h e  inh ib i t i on ,  sugges t ing  t h a t  th iog lucose  ac t s  as 
a compe t i t i ve  i n h i b i t o r  of ty ros inase .  

Table II. Effect of thio-D-glucose on melanin formation 

Reaction system Absorbance 400 nm 
(for melanin) 

Melanoma 
cells 

Mushroom 
tyrosinase 

Enzyme + Dopa 0.700 0.780 
Enzyme + Dopa + thioglucose -- 
Enzyme + Dopa + glucose 0.730 0.800 
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